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ABSTRACT
Background: Percutaneous coronary intervention (PCI) in 
ostial lesions is one of the major challenges in contemporary 
interventional cardiology. Despite the technological advances, 
ostial lesions still present a higher rate of immediate and late 
adverse events compared with non-ostial lesions. The objective 
of this study was to evaluate coronary ostial lesions treated 
with the Szabo technique. Methods: Ten patients treated by 
PCI using the Szabo technique to treat ostial lesions in main 
coronary arteries between October and November, 2011, 
were included. Aorto-ostial lesions were excluded. Results: 
Of the ten treated patients, seven were males, with ages 
ranging from 42 to 75 years, and 60% had acute coronary 
syndromes without ST-segment elevation. The circumflex 
artery was treated in six patients, and a 7 F catheter was 
used in eight patients. In three patients, both guidewires 
twisted during the advancement of the stent to the lesion, 
which was solved by partially retrieving and repositioning the 
standard target-vessel wire. Procedural success was observed 
in 90% of the cases. There were no in-hospital deaths, (re)
infarctions or emergency revascularisations. Conclusions: In 
this study, the Szabo technique successfully treated ostial 
lesions in main coronary arteries and provided adequate 
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RESUMO
Lesões Ostiais em Artérias Coronárias  
Principais Tratadas com Técnica de Szabo
Introdução: A intervenção coronária percutânea (ICP) em lesões 
ostiais é um dos maiores desafios para a cardiologia interven-
cionista contemporânea. A despeito dos avanços tecnológicos,
as lesões ostiais ainda apresentam maiores taxas de eventos 
adversos imediatos e tardios quando comparadas às lesões não 
ostiais. O objetivo deste estudo foi avaliar a ICP em lesões 
ostiais, utilizando a técnica de Szabo. Métodos: Série de 10 
pacientes, incluídos entre outubro e novembro de 2011, trata-
dos por meio de ICP utilizando a técnica de Szabo em lesões 
ostiais em ramos coronários principais. Não foram abordadas 
lesões aorto-ostiais. Resultados: Dos 10 pacientes tratados, 7 
eram do sexo masculino, com idade variando entre 42 anos 
e 75 anos, e 60% apresentavam síndrome coronária aguda 
sem supradesnivelamento do segmento ST. Artéria circunflexa 
foi tratada em 6 pacientes e cateter 7 F foi utilizado em 8 
pacientes. Em 3 pacientes não se observou progressão do stent 
em decorrência de torção das cordas-guia, que foi resolvida 
com o recuo parcial da corda-guia direcionada para a lesão-
alvo e novo posicionamento. Houve sucesso do procedimento 
em 90% dos casos. Não ocorreram óbitos, (re)infartos ou 
revascularizações de urgência hospitalares. Conclusões: Neste 
estudo, a técnica de Szabo permitiu tratar lesões ostiais em 
ramos principais das artérias coronárias com sucesso, posi-
cionando o stent de maneira adequada na maioria dos casos.
DESCRITORES: Angioplastia. Stents. Vasos coronários. Doença 
da artéria cononariana. Técnicas.
© 2012 Elsevier Editora Ltda. and Sociedade Brasileira de Hemodinâmica e Cardiologia Intervencionista. All rights reserved.
9 Resident Physician at Hospital Beneficência Portuguesa de São Paulo. 
São Paulo, SP, Brazil.
10 PhD in Cardiology. Physician; Interventional cardiologist at Hospital 
Beneficência Portuguesa de São Paulo. São Paulo, SP, Brazil.
11 Physician; Interventional cardiologist at Hospital Beneficência Por-
tuguesa de São Paulo. São Paulo, SP, Brazil.
12 Tenured Professor. Physician; Interventional cardiologist at Hospital 
Beneficência Portuguesa de São Paulo. São Paulo, SP, Brazil.
Correspondence to: Paulo Cícero Aidar Maiello. Rua Maestro Cardim, 
769 – Bela Vista – São Paulo, SP, Brasil – CEP 01323900
E-mail: pmaiello@terra.com.br
Received on: 2/5/2012 • Accepted on: 6/11/2012
Maiello et al.
The Szabo Technique
Rev Bras Cardiol Invasiva. 
2012;20(2):173-7
174
C lassically, ostial lesions are described as stenoses located within the first 3 mm from the begin-ning of the coronary artery.1 Due to the peculiar 
distribution of the muscle layer of the vessel in the 
aorto-ostial regions and ostia of major coronary vessels 
(Medina classification 001 or 010),2 lesions present in 
these regions demonstrate both immediate and delayed 
increased elastic recoil after balloon dilation, which 
results in increased chances of procedural failure and 
coronary restenosis compared with non-ostial lesions.1 
Stents are effective in neutralising the elastic vessel 
recoil, but the improper positioning of the prosthesis can 
lead to incomplete coverage of the ostium, resulting in 
higher chances of lesion recurrence at the treated site.3 
Even with drug-eluting stents, the incidence of adverse 
cardiac events at 12 months is higher in patients with 
ostial lesions than in patients with non-ostial lesions.4
In 2005, Szabo et al.5 proposed a technique for 
the optimal placement of a stent in ostial lesions. This 
study aimed to evaluate the in-hospital results of this 
technique, its success, and possible complications.
METHODS
Percutaneous coronary interventions (PCIs) were 
performed in patients with ostial lesions located in 
the main coronary branches using the Szabo technique 
between October and November, 2011. Aorto-ostial 
lesions were excluded.
The study was conducted in compliance with 
the Declaration of Helsinki related to research in 
humans and was approved by the Ethics Committee 
of the Hospital Beneficência Portuguesa, São Paulo, 
Brazil. All patients signed an informed consent prior 
to study enrolment.
Szabo technique
The Szabo technique first requires preparing the 
stent that will be employed using two 0.014-inch 
guidewires. One of the guidewires is introduced into 
one of the proximal cells of the previously opened 
stent. The opening of the cells is achieved by in-
flating the stent at 2  atm while it is still within the 
protective sheath, so that only the proximal cells are 
externalised. The enlarged proximal end of the stent 
is then manually adjusted while carefully observing 
whether it is appropriate and fixed and that there are 
no strut protrusions in the dilated region. The second 
guidewire is then introduced in the conventional man-
ner into on the stent, which is already positioned after 
the coronary ostial lesion (Figure 1). Before the stent 
proceeds past the Y connector, the guidewire transfixed 
in the proximal stent cell is inserted and positioned in 
the coronary branch adjacent to the ostial lesion. The 
procedure then follows with the advancement of the 
stent towards the ostial lesion over the two wires until 
progress is prevented by the guidewire positioned in 
the side branch. The stent is implanted at conventional 
pressures, and the balloon is deflated. The guidewire of 
the vessel adjacent to the lesion is removed, and the 
stent is then post-dilated with high pressure.
The LibertéTM (Boston Scientific – Natik, MA, USA) 
bare-metal stent was used. All patients were pretreated 
with acetylsalicylic acid (loading dose of 200 mg and 
a maintenance dose of 100  mg/day) and clopidogrel 
(loading dose of 300 to 600 mg and maintenance dose 
of 75 mg/day) started on the night prior to the interven-
tion. Unfractionated heparin (UFH) was used during the 
procedure at a dose of 70 IU/kg to 100 IU/kg. The use 
of glycoprotein IIb/IIIa inhibitors was at the discretion of 
the surgeon.
The software StentBoostTM (Philips Medical Systems 
– Best, the Netherlands) was used for image acquisi-
tion and processing, which consists of a fluoroscopic 
stent visualisation technique that creates a high-quality 
image of the implanted stents by superimposing frames 
in movement with acquisition correction, resulting in 
a clearer picture.6
RESULTS
Of the ten treated patients, seven were males aged 
between 42 and 75 years, and four were diabetics. 
The majority of patients had acute coronary syndrome, 
six had unstable angina or non-ST-segment elevation 
acute coronary syndrome (NSTEACS), and one patient 
was treated in the presence of ST-segment elevation 
myocardial infarction (STEMI). Baseline characteristics 
and angiographic characteristics of patients are shown 
in the table.
Among the approached arteries, the circumflex 
artery (Figure 2) was treated in six patients, the anterior 
descending artery (Figure 3) in two patients, and the 
right coronary and the marginal branch of the circumflex 
artery in one patient each. The catheter diameters used 
were 7 F in eight patients and 6 F in all other cases.
Angiographic success was obtained with the pro-
posed technique in nine patients. In the patient with 
STEMI, the correct positioning of the stent in the lesion 
Adjacent branch wire
Target-vessel wire
Figure 1 – Schematic representation of stent preparation for the Szabo 
technique using two 0.014-inch guidewires. The first, which is directed 
to the adjacent side branch, crosses the first cell or proximal strut of 
the stent. The second, which is directed to the lesion, is positioned 
in the traditional manner throughout the stent.
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was not possible due to the severe calcification and 
tortuo sity of the left anterior descending artery, which 
was successfully treated with the conventional technique. 
In three patients, there was no stent progression due to 
twisting of the guidewires. This was resolved with the 
partial retreat of the guidewire directed to the target 
lesion and repositioning. Plaque shifting (snow-plough 
phenomenon) only occurred in one case and did not 
significantly affect the adjacent artery lumen.
There were no in-hospital deaths, (re)infarctions, or 
emergency revascularisations in this series of patients.
DISCUSSION
In this study, it was observed that the immediate 
results of the Szabo technique to percutaneously treat 
ostial lesions of major coronary vessels were similar to 
those of other studies using the same technique.5,7–10
Coronary stenoses, which are located in the ostium 
of the main coronary branches, were already a concern 
of interventional cardiologists in the beginning of the 
last decade, including in Brazil.11–13 The use of the 
conventional techniques with bare-metal or drug-eluting 
stents in ostial lesions characteristically presents inferior 
results compared with those observed in non-ostial le-
sions, due to the difficulty of precise positioning of the 
stent in the target lesion.11,12
The difficulties of accurate stent placement in ostial 
lesions are related to problems visualising the lesion, 
the complex geometry with varying angles between the 
main and side branches, and varied plaque distribution 
(Medina 001 or 010).14 Several techniques have been 
proposed to treat ostial lesions, but all have limitations, 
and the best strategy remains controversial. The ideal 
technique would ensure complete coverage of the ostium 
with precise stent positioning and implantation, but 
also would not rely on angiography. Thus, the Szabo 
technique has been proposed.
Wong15 treated 41 patients with ostial lesions in 
main vessels with this new technique and achieved 
success in 97.6% of patients, which was confirmed 
by intracoronary ultrasound. Gutierrez-Chico et al.10 
compared the results between the Szabo technique 
and conventional treatment guided by angiography in 
156 patients with ostial lesions in main vessels (Me-
dina 001 or 010). These authors observed a distinct 
advantage with the Szabo technique, with lower rates 
of stent malposition (6.4% vs. 41%; P < 0.0001), stent 
protrusion in the side branch/aorta (6.4% vs. 34.6%, 
P  <  0.0003) and incomplete stent coverage of the 
plaque (0% vs. 7.7%).
However, Vaquerizo et al.14 not only disagreed 
regarding the benefits of the Szabo technique but also 
reported more disadvantages than advantages in 26 
patients, such as asymmetric stent deformation, stent 
protrusion into the main branch, and risk of displace-
ment, among others.
Two points must be stressed: the first is the learning 
curve required for the technique, and the second is 
establishing the limitations of the technique when 
assessing the vessel to be treated. Very calcified lesions, 
excessive tortuosity, and failure in pre-dilation of ostial 
lesions are predictors of failure with the Szabo tech-
nique. In the present study of ten cases, the only patient 
who was unsuccessful was the second case, due to 
severe tortuosity and calcification in the origin of the 
artery to be treated (ADA), thus characterising the lack 
of experience at the start of the learning curve, and 
consequently the indicated technique was unsuitable.
Other complications have been reported with the 
Szabo technique, such as decoupling of the stent from 
the balloon, fracture of the side branch guidewire, and 
stenting beyond the ostium. In this study, there were 
no such complications, likely because the authors 
TABLE  
Basal and Angiographic Characteristics of Patients
Variables n = 10
Male gender, n (%) 7 (70)
Age, years 42-75
Smoking, n (%) 4 (40)
Arterial hypertension, n (%) 7 (70)
Diabetes mellitus, n (%) 4 (40)
Dyslipidemia, n (%) 5 (50)
Indication, n (%)
 Stable angina 3 (30)
 Unstable angina 4 (40)
 NSTEACS 2 (20)
 STEMI 1 (10)
Diameter of guide-catheter, n (%)
 6 F 2 (20)
 7 F 8 (80)
Target-artery, n (%)
 ADA 2 (20)
 Cx 6 (60)
Marginal branch of Cx 1 (10)
RCA (PVA/PDA) 1 (10)
RCA = right coronary artery; Cx = circumflex artery; ADA = ante-
rior descending artery; PDA = posterior descending artery; 
STEMI = ST-elevation myocardial infarction; n = number 
of patients; NSTEACS = non-ST elevation acute coronary 
syndrome; PVA = posterior ventricular artery.
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systematically followed the methodological directions for 
the technique. For instance, according to the directions 
of Ferrer-Gracia et al.,16 decoupling of the stent can 
be prevented by using 7 F guide-catheters, a techni-
cal aspect observed in 80% of the cases in this study.
Bare-metal stents were used in all cases. The 
patients were treated by the Brazilian Unified Health 
System (Sistema Único de Saúde – SUS), and and thus 
had no access to drug-eluting stents.
When evaluating the present results, with the aim 
of obtaining optimised stenting by the appropriate ex-
pansion of struts, the StentBoost technique was used.6 
It was not possible to use intracoronary devices, such 
as intracoronary ultrasound or optical coherence tomog-
raphy, which could have provided information about 
the proper location of the stent in the ostial position.
Study limitations
This study had some limitations, such as the small 
sample size, the fact that the technique was performed 
in a single centre, and the absence of both clinical and 
angiographic follow-up after hospital discharge. However, 
A B C
A B C
the authors believe that, despite these limitations, the 
study offers the opportunity to analyse and compare data 
relevant to this new form of percutaneous treatment of 
ostial lesions. However, the need for further experience 
with this technique with a more robust population to 
assess the results is highlighted.
CONCLUSIONS
In the present study, the Szabo technique allowed 
the successful treatment of ostial lesions by properly po-
sitioning the stent in most cases. By carefully following 
the technique guidelines, the difficulties in performing the 
technique and the possible complications can be minimised.
However, the use of this strategy cannot be encour-
aged with so few treated cases. Therefore, it is necessary 
to reproduce these results in a larger population in 
other cardiac centres and to demonstrate its efficacy 
in randomised trials.
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Figure 2 – A: Presence of a severe lesion at the origin of the circumflex coronary artery. B: Stent placement prior to release at the origin of the 
circumflex coronary artery. C: Final result.
Figure 3 – A: Presence of a severe lesion at the origin of the anterior descending coronary artery. B: Stent placement prior to release at the origin 
of the anterior descending coronary artery. C: Final result.
Maiello et al.
The Szabo Technique




1.  Jokhi P, Curzen N. Percutaneous coronary intervention of ostial 
lesions. EuroIntervention. 2009;5(4):1-13.
2.  Medina A, Suárez de Lezo J, Pan M. A new classification of 
coronary bifurcation lesions. Rev Esp Cardiol. 2006;59:183.
3.  Dishmon DA, Elhaddi A, Parckard K, Gupta V, Fischell TA. 
High incidence of inaccurate stent placement in the treat-
ment of coronary ostial disease. J Invasive Cardiol. 2011; 
23(8):322-6.
4.  Freeman M, Clark DJ, Andrianopoulos N, Duffy SJ, Lim HS, 
Brennan A, et al. Outcomes after percutaneous coronary 
intervention of ostial lesions in the era of drug-eluting stents. 
Catheter Cardiovasc Interv. 2009;73(6):763-8.
5.  Szabo S, Abramowitz B, Vaitkus PT. New technique for aorto-
ostial stent placement. Am J Cardiol. 2005;96:212H.
6.  Choi CU, Oh DJ, Ramasamy S, Poddar KL, Kim YK, Na JO, et al. 
Effect of stent boost imaging guided percutaneous coronary 
intervention on mid-term angiographic and clinical outcomes. 
J Am Coll Cardiol. 2011;57:E1879.
7.  Waffa SS, Shokry KAEA, El Salam AMA. Rate of success of 
Szabo technique in coronary bifurcational lesions (Medina 
classification 001-010). 2011 [cited 14 Apr 2012]. Available 
from: http://med.shams.edu.eg/protocols/cardiology/MS-2011-
Card-ina%20Magdy.pdf
8.  Mohandes M, Krsticevic L, Guarinos J, Bonet A, Camiñas A, 
Bardaji A. success rate of Szabo technique in ostial coronary 
PCI techniques-angiographic and IVUS findings. Iranian Car-
diovasc Res J. 2009;3(1):146-52.
9.  Applegate R, Davis J, Leonard J. Treatment of ostial lesions 
using the Szabo technique: a case series. Catheter Cardiovasc 
Interv. 2008;72(6):823-8.
10.  Gutiérrez-Chico JL, Villanueva-Benito I, Villanueva-Montoto L, 
Vázquez-Fernández S, Kleinecke C, Gielen S. Szabo technique 
versus conventional angiographic placement in bifurcations 
010-001 of Medina and in aorto-ostial stenting: angiographic 
and procedural results. EuroIntervention. 2010;5(7):801-8.
11.  Tan RP, Kini A, Shalouh E, Marmur JD, Sharma SK. Optimal treat-
ment of nonaorto-ostial coronary lesions in large vessels: acute 
and long-term results. Cathet Cardiovasc Interv. 2001; 54(3):283-8.
12.  Pimentel W, Barros M, Bocchi E. Stent implantation in proxi-
mal left anterior coronary: ostial versus nonostial lesions. Eur 
Heart J. 2002;17 Suppl:508.
13.  Mavromatis K, Ghazzal Z, Veledar E, Diamandopoulos L, 
Weintraub WS, Douglas JS, et al. Comparison of outcomes of 
percutaneous coronary intervention of ostial versus nonostial 
narrowing of the major epicardial coronary arteries. Am J 
Cardiol. 2004;1;94(5):583-7.
14.  Vaquerizo B, Serra A, Ormiston J, Miranda-Guardiola F, Webber B, 
Fantuzzi A, et al. Bench top evaluation and clinical experience 
with the szabo technique-new questions for a complex lesion. 
Catheter Cardiovasc Interv. 2012;79(3):378-89.
15.  Wong P. Two years experience of a simple technique of 
precise ostial coronary stenting. Catheter Cardiovasc Interv. 
2008; 72(3):331-4.
16.  Ferrer-Gracia MC, Sánchez-Rubio J, Calvo-Cebollero I. Stent 
dislod gement during Szabo technique. Int J Cardiol. 2011; 
147(1):e8-9.
